1. Introduction* In this paper consideration is given to conditions under which the property of being non-dense in a space in the sense of containing no open set in that space is invariant under certain types of mappings. In some spaces and for some mapping types the issue involved is essentially equivalent to the question of dimensionality preservation. These questions are of interest and importance in numerous mathematical fields. They are especially so in the study of topological aspects of the theory of functions and it is toward this connection that the results and methods in this note will be largely directed.
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A
single valued continuous transformation f(X)=Y will be called a mapping. Such a mapping is open if open sets in X have open images in Y and is light provided f~\y) is totally disconnected for each yeY.
Also / has scattered point inverses provided that for each yβY, f~ι(y) is a scattered set in the sense that no point of f'\y) is a limit point of /-%).
As indicated above, a set K in a space X is non-dense in X provided K contains no open set in X. On the other hand that K is dense in X means that every point of X is either a point or a limit point of K. A mapping f(X) = Y is said to preserve non-density for compact sets provided that f{K) is non-dense in Y whenever K is compact and non-dense in X. For a mapping /(X)=F, a subset X o of X is said to be semidense in X provided X Q is dense in some open subset of every open set U in X whose image f(U) is also open in Y. Thus the property of semi-density is a property of a subset of X relative to a mapping f on X and not an intrinsic property of X o alone.
For a mapping f(X) = Y, the set of all xeX such that x is a component of f^fix) will be designated by the symbol D f . Also the symbol L f will be used for the set of all xeX such that f~ιf{x) is totally disconnected. Thus L f is the maximum inverse set in X on which the mapping / is light, where by an inverse set I we mean a set which is the inverse of its transform under /, that is, one satisfying the relation (B Q ) and apply the theorem to the mapping f\A Q to obtain the first conclusion that Y is dense in δ. To prove the second conclusion suppose on the contrary that for an open set U which has an open image and which we first suppose conditionally compact, 
3) THEOREM. Let A and B be locally compact separable metric spaces with dim A=k <^oo and let f(A)=B be a mapping such that the image of every compact non-dense set K with dim K<Ck is non-dense. Then the set Y of all yeB with f~\y) totally disconnected is dense in B.
For, in the preceding proofs the sets F n x could now be taken of dimension <Lk-~ 1. A mapping f(X) = Y is monotone provided f~ι{y) is a continuum (compact and connected set) for each yeY;
and / is compact provided f~ι(K) is compact for every compact set K C Y or, equivalently, provided / is closed and has compact point inverses. For compact mappings, quasi-openness is equivalent to quasimonotoneity as defined originally by Wallace [3] . Proof Let f^lm, m(X)=X', l(X') = Y be the monotone-light factorization of /. Let the mapping m be extended to the whole sphere *S by decomposing S into the sets m~\x f ), x f e X' together with the components of S-X so that we obtain a monotone mapping φ(S)=S f of S onto a sphere S' containing X' (φ is the natural mapping of the decomposition) which is identical with m on X. That S r is a topological sphere follows from the readily verified facts that the described decomposition of S is upper semi-continuous and no element of this decomposition separates S, together with the classical theorem of R. L. Moore [2] that the hyperspace of any such decomposition of a sphere into continua is itself a topological sphere. Then l(X') = Y is a light open mapping which is compact; and since X f is a region on S', Y is a 2-manifold by the invariance of the 2-manifold property under such mappings [4] . Now to prove the sufficiency of the condition let if be a compact
It remains to show that dimlm(K)<Ll. Since I is compact, open and light and X' is a 2-manifold, I is finite to one [4] . Hence by (2.11) we have dim lm(K)=dim m{K) <I 1.
To prove the necessity of the condition we note first that it follows from our hypothesis that / preserves non-density for compact sets. For if K is a compact, non-dense set in X we have dim K <I1. Whence dim f(K) <11 and since as shown above Y also is a 2-manifold, it follows from this that f{K) is non-dense. Accordingly, by (2.21) not only Df but also L f must be semi-dense in X.
Clearly we have the following alternative form of (3.1) which we state as (3.2 
) THEOREM. Let f, X and Y be as described in the first sentence of (3.1). In order that f preserve non-density for compact sets it is necessary and sufficient that L f be semi-dense in X.

4.
Quasi-open mappings on the general 2-manifold. We now show that the case of a mapping of this same type operating on an arbitrary 2-manif old can be reduced essentially to the case of a region on a sphere so that similar conclusions hold.
(4.1) LEMMA. Let f(X) = Y be quasi-open where X is a 2-manifold without edges and Y is a locally connected generalized continuum and suppose that f(L f ) is dense in Y. If there exists in X a compact set K of dimension <I 1 whose image contains an open set in Y, then there exists a region R in X contained in a 2-cell of X such that Q=f(R) is open in Y, the mapping f(R)=Q is compact and quasi-open and for some compact subset K λ of K R, f{K^) contains an open set.
Proof. Let V be an open set in f{K).
Then there is a point yeV such that f~\y) is totally disconnected. Now for each xeK*f~\y) there exists a 2-cell E x on X with edge C x and interior I x such that Thus the lemma is proven. Since a region on a 2-cell may be considered as a region on a sphere (by mapping the 2-cell topologically onto a 2-cell on a sphere), this lemma together with the theorems in § 3 yield at once (4.2 
) THEOREM. Given a quasi-open mapping f(X)=Y where X is a 2-manifold without edges and Y is a locally connected generalized continuum such that no component of a point inverse lying inside a closed 2-cell on X separates X, in order that f preserve non-density for compact sets it is necessary and sufficient that L f be semi-dense in X.
Note. Most of the results in this paper were stated without proof, or with only brief indications of proof in some cases, by the author in his Presidential Address before the American Mathematical Society [6] .
For further discussion of these results, in particular for cases in which alternative dimension preserving forms of (4.2) above are possible, see [6] . 5* Differentiable functions* We now show that a mapping from a region of the z-plane Z into the w-plane W generated by a function w=f(z) satisfying certain differentiability conditions will satisfy the requirements needed in the preceding sections to insure the preservation of non-density for compact sets. Now using properties of the circulation index, it readily follows that Q contains the interior of a square and thus contains a point q such that f f {z)φ0 for all ze f~ι(q). Since this makes the circulation index equal 2πi times a positive integer when taken around any sufficiently small circle enclosing a point of f~ι{q), it results at once that the circulation index taken over all of C of / about q must be Φ 0. Further, since this latter index is constant throughout S, that is, it has the same value when any p e S is substituted for g, it follows that every point p of S must belong to f(R). For details of the argument needed here using the circulation index the reader is referred to the last paragraph of § 5 of [7] . Mathematical papers intended for publication in the Pacific Journal of Mathematics should be typewritten (double spaced), and the author should keep a complete copy. Manuscripts may be sent to any of the editors. All other communications to the editors should be addressed to the managing editor, E. G. Straus at the University of California, Los Angeles 24, California. 50 reprints per author of each article are furnished free of charge; additional copies may be obtained at cost in multiples of 50.
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